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In many recently designed navigation dams on American rivers the erosion-
control system is somewhat similar to that shown in Fig. 4 but with one or
more rows of baffle piers on the level apron. These are very effective in aiding
the dissipation of the energy of the jet and are permanent where the head is not
sufficiently great to induce cavitation and where cutting materials such as
sand or gravel do not pass over the spillway. Dam No. 4 on the Monongahela
River (Fig. 20) illustrates the use of a single row of baffle piers and a plain or
nondentated end sill. Many baffle-pier shapes have been evolved in accord-
ance with the fancy of various designers, but some of these are too flimsy to
withstand the impact of ice or logs.

Maximum energy dissipation per unit projected area of baffle pier normal to
the velocity is obtained by the use of a plane vertical upstream face, while
maximum structural economy, as a buttress, requires a gradually sloping
downstream face. The effectiveness of a baffle pier decreases greatly if its up-
stream face is sloped sufficiently to permit the blows of ice or logs to glance off,
and becomes practically zero if the slope of the upstream face is made flat
enough merely to deflect the water without throwing it into turbulence. Baf-
fles behave best when deeply submerged. If the submergence is too shallow it
is possible for the jet to be deflected high in the air when it strikes the baffles,
the action being suggestive of that in a geyser.

The best location and size of baffles can be determined only by model
tests.

For very high dams, it is unfortunate that cavitation prevents the utiliza-
tion of baffle piers or other angular objects inserted directly in the path of the
main jet. Therefore, for high dams, only two methods of erosion control are
available if the natural tailwater depth is too low for the formation of a jump:
(1) building an auxiliary dam below the main structure (Fig. 19a) and (2) exca-
vating a basin in the channel bed at the foot of the spillway (Fig. 196).

31. Sloping Aprons. A number of modern high dams, having high tail-
water, among which may be mentioned the Madden, Norris, and Shasta Dams,
are provided with long sloping spillway aprons whose object is to prevent the
submergence of the hydraulic jump at all discharges. Such an apron is shown
in Figs. 21 and 19/. Experiments on models prove that a hydraulic jump
showing strong turbulence in its surface roller and correspondingly excellent
energy-dissipating characteristics will form in channels sloping downstream
with an inclination not steeper than 1 vertical to 4 horizontal. On slopes
steeper than this the jump tends to take on the submerged form, with milder
turbulence in the overlying water, correspondingly slow dissipation of energy
from the main jet, and greater bottom velocities. Consequently a slope of 1 to
4 or flatter is considered suitable for the sloping apron. As a result of studies
on models of the spillway of the Madden Dam (Trans. Am. Soc. Civil Engrs.,
1938), Mr. R. R. Randolph states that a good jump formation will obtain with
the point of beginning on the curved surface of the bucket, but not if it is
forced up on the steep slope of the downstream face of the dam. In order to
utilize the full length of the apron, the jump should begin as far back as possi-